This paper proves versions of the Rota model theorem, the de Branges-Rovnyak model theorem, and the coisometric extension theorem for n-tuples of not necessarily commuting operators. This generalizes the work of A. E. Frazho (J. Funct. Anal. 48 (1982), l-l 1) for pairs of operators. The methods involve applying the single operator results to matrices of operators.
In [6] , Frazho developed a model theory for certain pairs of noncommuting contraction operators on Hilbert space. He proved, for pairs of contractions, versions of the Rota model theorem, the de Branges-Rovnyak model theorem, and the coisometric extension theorem. Frazho proved his results by constructing pairs of shift operators on a Fock space. In this note we apply the known results for single operators to an operator-valued matrix and obtain most of his results for n-tuples of noncommuting operators. However, our models are not exhibited as concretely as his.
We begin with a coisometric extension theorem which generalizes Proposition 4 of 161. Let A denote either the set of all natural numbers or the set { 1, 2, 3 ,..., n ) for some natural number YI. (2) There exists a Hilbert space K containing H and coisometries {Si : i E A} acting on K such that SiS,+ = 0 for i # j, and S,(H) E H, SilH = A, for each i.
ProoJ First, assume that the coisometries (Si) exist as in (2) . The family { SjkSi : i E A } is an orthogonal family of projections on K, so Let r(T) denote the spectral radius of an operator T. The following theorem is a version of the de Branges-Rovnyak model theorem, see 15, p. 23 1. One would like to replace the condition that each A i have spectral radius less than one (i.e., A: converges to zero in norm for each i) by the condition that Al converges to zero strongly for each i; however, we have not been able to prove the theorem in that case. Recall that a coisometry S is called pure if S" converges to zero strongly (see 15, Sect. 11). But r(AJ < 1, so then by the spectral radius formula and the root test, the infinite series in the first summand converges while the second summand approaches zero. Hence, S: converges to zero strongly and the proof is complete.
The following theorem is a generalization of Rota's model theorem (for single operators) and 16, Proposition 1 and Remark, p. 6] (for pairs of operators), After stating and proving the theorem, we discuss in what way the hypothesis of the theorem is analogous to requiring that "the spectral radius be less than one." ProoJ Since I,< P, P is invertible. Let R be the positive square root of P and let B, = RAiR-'. Then In this case, the operator R is precisely the R in the proof of [ 7, Lemma 11 . The rest of this paper examines condition (*) in the case n > 1. We first define some notation. Let A,, A, ,..., A,, be in B(H). Let F(k, n) be the set of all functions from the set ( 1, 2, 3 ,..., k} to the set { 1, 2, 3 ,..., n ). For f in F(k. n), let Af=Af,,,Af(,, -..Am).
Our first lemma is merely bookkeeping. The proof of the following lemma is now almost identical to the proof of 11, Proposition 81. We omit the proof. We now give some conditions equivalent to condition (*) in Proposition 3. 
